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ABSTRACT OF THE DISCLOSURE

A structure for measuring the expansion of a dry elec-
trode-membrane battery assembly when subjected to and
immersed in an electrolyte includes a chamber of two
compartments separated by a flexible elastomeric mem-
brane, the first compartment for retaining the assembly
to be measured on a stationary member and the second
compartment containing a movable pressure plate and
a resilient member attached thereto for maintaining con-
tact by the pressure plate against the sample which is in
turn located on the base member. A micrometer probe is
positioned such that it engages the surface of the pressure
plate and measures its displacement.

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

This invention relates to an apparatus for measuring
the change in dimension of an object and more specifically
to a method and apparatus for measuring the amount of
swelling or expansion of polymer membranes employed
as separators in electrochemical cells. The polymer mem-
branes separating the plates of a cell are usually supplied
in the dry state and when the cell is filled with an appro-
priate aqueous solution, the membranes expand so that
they become a porous structure and exert a force against
the cell walls.

As set forth, electrochemical cells or batteries are
usually supplied in their dry state and an appropriate elec-
trolyte must be added to the cell before use. Examples of
such cells are the familiar alkaline electrochemical cells
of silver-oxide zinec, silver-oxide cadmium, and nickel-
oxide cadmium. In many applications, the change in di-
mension of the polymeric membrane electrode separators
due to expansion upon immersjon in the electrolyte, must
be known. The membranes normally employed in the
cells are non-porous in the dry state. When immersed in
aqueous solutions, for example, potassium hydroxide, the
membranes expand and become porous. Such a porous
structure is required to provide iomic transport through
the membrane and electrolyte retention. In the design of
the cell cases, it is a requirement that the amount of sub-
sequent expansion be known so that the dimensions of
the cell case can be determined. With such information
available, the cell case can be designed so that the elec-
trode stack exerts a force within a predetermined range
upon the case wall.

If the internal case dimensions are too great, the elec-
trode stack will be loose within the cell case resulting in
a high impedance battery. In addition, movement of the
electrode assembly within the case during shock and
vibration could cause breakage of cell components and
separation of the wiring. On the other hand, if the cell
case is too small, the expansion of the polymer separators
will exert too large a force upon the cell case walls which
results in either a bulge or break in the case or an elec-
trode stack that is so compressed that the electrolyte is
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forced out of the polymer, thus producing a high im-
pedance cell,

The device of the present invention permits an ac-
curate determination and measurement of a complete
electrode separator assembly during simulated conditions
of the cell fabrication and operation. It provides the cell
designer with an accurate, universal tool for determining
the dimensions of cell cases which are to contain elec-
trochemical cells with polymeric membrane separators
that vary in thickness when immersed in an electrolyte.

Prior to the present invention, no known successful
means was available for measuring the expansion of an
object, such as a membrane-electrode assembly, It was a
common practice to measure the thickness of a sample of
the dry polymeric membrane material with a micrometer.
The sample was then soaked in the electrolytic solution
for a reasonable period of time, such as 24 hours. The
sample was then removed from the electrolyte and blotted
with an electrolytic absorber such as a paper towel.
Thereafter, the thickness of the sample was measured at
several points with the micrometer and the expansion of
the material was determined by a comparison of the
measurement before wetting with the measurement after
immersion.

This practice as employed in the prior art, was un-
satisfactory for a number of reasons. The use of a microm-
eter does not permit an accurate determination of the
pressure applied on or by the sample of material before
or as a result of expansion. Further, it was the normal
practice to measure only a few points on the sample of
material to determine the expansion and the same points
measured before expansion were rarely measured after
expansion. Since the expansion of the material may not
be uniform over the entire surface, errors may result. In
addition, it was the general practice of wetting the mem-
brane sample by suspending the sample in a beaker of
the electrolyte. By this means, no restraining force was
applied so that the test and measurements could not
simulate actual operating conditions. As a practical mat-
ter, an electrochemical cell may have as many as 100
layers of separator material in the electrode assembly.
Measurement errors can therefore be accumulative and
result in gross errors. Under these conditions, it was
practically impossible to determine the proper cell size
so that inferior cells were produced which were subject
to case breakage, electrolyte spilling, and a change in
the electrical parameters of the cell.

Accordingly, it is the principal object of the present
invention to improve methods and apparatus for measur-
ing the expansion of objects, such as electrode assemblies.

It is a further object of the present invention to pro-
vide a method and apparatus for simulating electrochemi-
cal cell conditions to accurately measure the force exerted
by an electrode assembly on the cell case.

It is a further object of the present invention to provide
an apparatus for accurately measuring the expansion of
an object subjected to immersion, such as an electrode-
membrane assembly.

It is a further object of the present invention to provide
an apparatus for accurately measuring the expansion of
an electrode-membrane assembly immersed in an electro-
lyte to thereby compile data for determining electro-
chemical cell case configurations,

It is a still further object of the present invention to pro-
vide an apparatus for determining the electrical char-
acteristics of an electrochemical cell wherein known forces
are employed to urge the electrode-membrane assemblies
into compression. :

These and other objects of the present invention are
accomplished by providing a chamber having an open end.
One side of the chamber is provided with a flat base plate
while the opposite side of the chamber houses a microm-
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eter having its measuring probe extending into the cham-
ber. A substantially flat pressure plate is supported by a
plurality of springs having a known spring constant, in
spatial relation to the base plate. A diaphragm of an elas-
tomeric material bisects the pressure plate so that a small-
er inner chamber is formed in the area near the base plate
and the pressure plate. A dry electrode-membrane assem-
bly is placed between the pressure plate in the apparatus
and the micrometer is adjusted to obtain a zero reading of
the thickness of the membrane-electrode assembly and
the spring compression. Thereafter, the compartment in
the area housing the dry membrane-electrode assembly
is filled with an electrolytic sclution which immerses the
membrane-electrode. The apparatus is then placed in a
vacuum chamber and the pressure reduced to approxi-
mately five inches of mercury. This operation releases
any entrapped air so that the membrane-electrode assem-
bly can be completely wetted. Thereafter, the apparatus is
brought up to atmospheric pressure and after reaching
equilibrium (after 24 hours) the micrometer reading will
give a measure of the expansion or swelling of the mem-
brane and the compression of the springs. The force
exerted by the membrane assembly is computed from the
micrometer readings and the value of the spring constant.

The invention both as to its organization and method
of operation, together with further objects and advantages
thereof will best be understood by reference to the fol-
lowing specification taken in conjunction with the accom-
panying drawings in which:

FIGURE 1 is a perspective view of the invention and
illustrating the position of the assembly prior to immers-
ing the electrode-membrane assembly;

FIGURE 2 is a plan view of the assembly and clearly
ilustrating the use of the micrometer to accurately deter-
mine the electrode-membrane assembly expansion; and

FIGURE 3 is a schematic showing of a device, such
as a bell jar, for maintaining a vacuum to remove en-
trapped air after immersing the electrode-membrane as-
sembly in the electrolyte.

As shown in the FIGURES 1 and 2, the apparatus is
comprised of an outer chamber which may be of methyl
methacrylate and formed of a rear member 10, a front
member 12, held in spatial relationship by a pair of side
members 14 and 16. The members 19, 12, 14 and 16 form
the sides of the chamber while a bottom member 18 closes
the lower end of the chamber. The upper end of the cham-
ber may be open as shown in the FIGURE 1.

The rear member 10 has a pair of perpendicular sec-
tions 20 and 22 which form an electrolytic compartment
24 when a flexible membrane 26 is inserted and secured
between the rear member 10 and the side members 14
and 16. A base plate 28 is secured within the electrolytic
compartment 24 to the inner wall of the rear member 10.
In spatial relationship to the base plate 28 is a pressure
plate formed of an inner pressure plate 39 and an outer
pressure plate 32, The flexible membrane 26 separates
the inner pressure plate 36 and the outer pressure plate
32. The flexible membrane 26, which may be of an elasto-
meric material such as neoprene, is slightly curved in the
area external to the pressure plates 30 and 32 so as to not
restrict the movement of the pressure plates 30 and 32.
The base plate 28 and the inner pressure plate 30, as well
as the outer pressure plate 32, are flat so as to form a
measuring area therebetween,

With reference to the FIGURES 1 and 2, an electrode-
membrane assembly 34 having a pair of electrical leads
36 and 36’ is shown positioned between the base plate 28
and the inner pressure plate 30,

The front member 12 is tapped at a number of points
about its outer edge so as to permit a plurality of bolts
38 to extend therethrough and the bolts 38 pass through
the side members 14 and 16 and are threaded into the per-
pendicular sections 20 and 22 of the rear member 10. The
bolts 38 retain the rear member 10, front member 12, side
members 14 and 16, bottom member 18 and the flexible

[}

10

15

20

30

35

40

GO

4

membrane 26 in the postion shown and forming the cham-
ber. The assembly may be secured in position by any num-
ber of bolts 38 and as illustrated, seven such bolts are
shown.

The front member 12 has an aperture 49 centrally lo-
cated thereon for receiving a micrometer 42 which is
held in place by a threaded member 44 which is trans-
versely tapped into the front member 12 and in engage-
ment with the body of the micrometer 42. The microm-
eter 42 has a measuring probe 46 which extends into the
chamber and by operation of the micrometer 42, may be
caused to engage the outer pressure plate 32. The inner
surface of the front member 12 is drilled at 48 and 48’
(actually at four places but only two are shown in the
FIGURE 2) so as to receive one end of a pair of coil
springs 50 and 52. It will be understood that four such
coil springs would be employed in the practice of the in-
vention although one such spring, having a diameter larg-
er than the diameter of the coil springs 5¢ and 52, may
be successfully employed. A plurality of bolts 54 and 54
are employed to maintain the inner pressure plate 30 and
the outer pressure plate 32 as a unitary member and the
springs 5¢ and 52 may be secured to, if desired, the outer
pressure plate 32 in any suitable manner.

The FIGURE 3 illustrates an apparatus, such as a bell
jar 56 communicating with a vacuum line 58 which may
be employed to release any entrapped gases after the elec-
trode-membrane assembly is initally submerged in elec-
trolyte.

Operation

To practice the invention and accurately determine
the amount or rate of expansion of an object in the elec-
trolytic compartment 24, a dry membrane-electrode as-
sembly is positioned between the base plate 28 and the
inner pressure plate 30. Four springs, such as the springs
50 and 52, of known spring constant are inserted, if not
already in position, to provide a known force on the dry
assembly. The depression of the springs can be measured
to determine the force. The micrometer 42 is then in-
serted in the aperture 40 and secured in place by the
threaded member 44. The micrometer 42 is then rotated
until the measuring probe 46 engages the surface of the
outer pressure plate 32. The reading of the micrometer
42 is then recorded. Thereafter, the micrometer 42 is
reversely rotated so as to withdraw the measuring probe
46 from engagement with the outer pressure plate 32
and of a sufficient distance so that the subsequent expan-
sion of the electrode-membrane assembly 34 will not en-
gage the tip of the probe 46.

The electrolytic compartment 24 is now filled with a
suitable electrolyte, such as a solution of potassium hy-
droxide. Care is exercised so that the electrode-membrane
assembly 34 is completely immersed. The entire appara-
tus is then placed within the bell jar 56 and the system
pumped down to approximately five inches of mercury
absolute so as to remove any entrapped air from the elec-
trode stack. After a suitable time in the vacuum chamber,
the apparatus is removed so that periodic readings of the
micrometer 42 can be made. It will be intuitively clear
to those skilled in the art that if one wishes to make
the reading while the assembly is under reduced pres-
sure, provision would be made for the micrometer 42 to
extend through the bell jar 56 so that the readings could
be made at a reduced pressure.

Periodic readings are made with the micrometer 42
to determine the movement of the inner and outer pres-
sure plates 30 and 32 caused by the expanmsion of the
electrode-membrane assembly 34. At the same time, de-
pression of the springs 50, 52, and the springs not shown
can be measured from which the restricting force on the
electrode stack 34 can be calculated. The flexible mem-
brane 26 is slightly buckled in the area external to the
inner and outer pressure plates 30 and 32 so as to avoid
significant restraining forces on the expanding electrode-
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membrane assembly 34. When the reading of the microm-
eter 42 becomes constant, the expansion of the electrode-
membrane assembly 34 is complete and the total expan-
sion is the difference between the final constant reading
and the initial 0 reading. The force exerted by the ex-
panded electrode-membrane assembly 34 can be readily
determined by the change in the length of the springs with
the knowledge of the spring constant.

The invention provides a number of advantages over
the methods of the prior art in that the device permits
the measurement of a sample electrode assembly in that
it gives the cell designer the actual total expansion of the
electrode stack rather than the total expansion based on
the measurement of one layer of membrane material. In
the latter case, errors in the measurement of one film of
thickness are accumulative when used as a basis for multi-
layer separator design. In addition, the expansion con-
tributions of the positive and/or negative electrodes which
when wetted with the electrolytic solution can be deter-
mined simultaneously with the separator expansion meas-
urements.

A salient feature of the invention is that the expansion
of the entire electrode assembly can be measured in an
environment that is operationally representative, i.e., as
the material expands it does so under a gradually in-
creasing restrictive force. This procedure simulates the
expansion of the electrode stack against the cell case wall.
The restrictive or compressive force on the electrode-
separator assembly can have significant effect on over-all
cell performance. The electrode-separator assembly ex-
pansion can readily be determined, by a number of suc-
cessive readings, as a function of time. This data is im-
portant when specifying the minimum time between filling
electrochemical cells with electrolyte and using the cells
in practice.

In addition to the foregoing uses, a number of addi-
tional uses of the device are anticipated. In conventional
cells wherein glycerine-free cellophane or modifications
thereof are used as the primary separator system, it has
been determined that approximately two pounds per
square inch restricting force on the expanded electrode
assembly is optimum for cell operation. However, in the
development of new separator materials for alkaline cells,

this force may not prove to be optimum for these ma-

terials. In the device described above and the subject mat-
ter of this invention, it is a relatively easy matter to vary
the restricting force on an experimental separator assem-
bly by obtaining springs with a range of spring constants
or by varying the compression of the springs in any
one assembly. Further uses of the invention are envi-
sioned. Cell performance characteristics such as ampere
hour capacity, voltage regulation and gas recombination
can be dependent upon the restricting forces imposed upon
the electrode assembly. The present invention, or modi-
fications thereof, may be used to study the effects of the
compressive forces in relation to the above performance
characteristics.

The invention is extremely helpful to the cell case de-
signer. In the evaluation of new electrode systems involv-
ing novel electrochemical couples and/or separators, the
experimenter must also design and fabricate various size
cases to contain experimental assemblies for study. The
device can be used as a tool in such programs and allow
the experimenter a wide variance in physical dimensions
of his electrode-separator assembly while at the same time
the compressive forces on the assembly can be maintained
nearly constant.

Thus, there has been illustrated and described an ap-
paratus for measuring the expansion of a membrane-
electrode assembly in electrochemical cells which is a
superior device for studying cell parameters. The present
invention may be embodied in other specific forms with-
out departing from the spirit and the essential character-
istics of the invention. The present embodiment is, there-
fore, to be considered in all respects as illustrative and
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the scope of the invention being indicated by the ap-
pended claims rather than the foregoing description, and
all changes which come within the meaning and range
of the equivalency of the claims are, therefore, intended
to be embraced therein.

What is claimed is:

1. Apparatus for measuring the change in dimension
of an object comprising a chamber having an open end,
side members, front member, rear member, and bottom
member; a flexible member connected to said side mem-
bers and said bottom member and dividing said cham-
ber into a first section and a second section, said first sec-
tion containing said rear member, a base plate attached
to said rear member and a portion of said side members
and said bottom member, said second section contain-
ing said front member and the remainders of said side
members and said bottom member; means coupled to
said flexible member and positioned within said first sec-
tion in spatial relation to said base plate and defining an
object receiving area therebetween; and means partially
external to said chamber and extending into said second
section for measuring the excursion of said means cou-
pled to said flexible member.

2. Apparatus for measuring the change in dimension
of an object comprising 4 chamber having an open end,
side members, front member, rear member, and bottom
member; a flexible member connected to said side mem-
bers and said bottom member and dividing said chamber
into a first section and a second section, said first section
containing said rear member, a base plate attached to
said rear member, and a portion of said side members
and said bottom member, said second section contain-
ing said front member and the remainders of said side
members and said bottom member; means coupled to said
flexible member and positioned within said first section
in spatial relation to said base plate and defining an ob-
ject receiving area therebetween; means for urging said
means coupled to said flexible member toward said base
plate; and means partially external to said chamber and
extending into said second section for measuring the ex-
cursion of said means coupled to said flexible member.

3. The combination as defined in claim 2 wherein said
means for urging are resilient means.

4. The combination as defined in claim 3 wherein said
resilient means are a plurality of uniformly spaced springs
engaging said means coupled to said flexible member and
said front member.

5. The combination as defined in claim 1 wherein said
flexible member is an elastomeric diaphragm.

6. Apparatus for measuring the change in dimension
of an object comprising a chamber having an open end,
side members, front member, rear member, and bottom
member; an elastomeric diaphragm connected to said side
members and said bottom member and dividing said
chamber into a first section and a second section, said
first section containing said rear member, a base plate
attached to said rear member, and a portion of said side
members and said bottom member, said second section
containing said front member and the remainders of said
side members and said bottom member; a pressure plate
coupled to and bisected by said diaphragm so that por-
tions of said pressure plate are disposed in each section
of said chamber, said pressure plate being in spatial rela-
tion to said base plate and defining an object receiving
area therebetween; spring means in said second section
for urging said pressure plate toward said base plate; and
means partially external to said chamber and extending
into said second section for measuring the excursion of
said pressure plate.

7. The combination as defined in claim 6 wherein said
means for measuring is a micrometer.

8. Apparatus for measuring the swelling of an elec-
trode assembly when subjected to an electrolyte compris-
ing a chamber having an open end, side members, front
member, rear member, and bottom member; a flexible
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member connected to said side members and said bottom
member and dividing said chamber into a first section and
a second section, said first section containing said rear
member, a base plate attached to said rear member, and
a portion of said side members and said bottom member,
said second section containing said front member and
the remainders of said side members and said bottom
member; a pressure plate coupled to and bisected by said
flexible member so that portions of said pressure plate are
disposed in each of said sections of said chamber, said
pressure plate being in spatial relation to said base plate
and defining an electrode assembly area therebetween;
an electrode assembly positioned within said area and in
engagement with said base plate and said pressure plate;
resilient means in said second section for engaging said
pressure plate so as to apply a compressive force to said
electrode assembly; and means partially external to said
chamber and extending into said second section for meas-
uring the swelling of said electrode assembly by deter-

8

mining the position of said pressure plate with respect to
said base plate.

9. The combination as defined in claim 8 wherein said
flexible member is an elastomeric diaphragm.

10. The combination as defined in claim 8 wherein said
means for measuring is a micrometer.

11. The combination as defined in claim 8 wherein said
resilient means are uniformly spaced coil springs.

References Cited
UNITED STATES PATENTS

1,184,837 5/1916 Edgecomb ——oovomeo_o 73—16
2,177,399 10/1939 Aler oo 33172
2,365,496 12/1944 Shaw oo 73—73
2,659,151 11/1953 Lee oo oo 33125
SAMUEL S. MATTHEWS, Primary Examiner.
US. ClL XR.
73—73



